Summary Background/Objective: To investigate the influence of serum anti-thyroglobulin antibody (TgAb) on the prognosis in papillary thyroid cancer (PTC) patients. Methods: In this retrospective study, the participants were enrolled from 1206 PTC patients (927 women, 279 men; mean age, 42.2 years) with T2 and higher, or N1 or M1 classifications in tumorenodeemetastasis staging after total thyroidectomy. We recorded the final serum TgAb data (on thyroxin therapy) at the end of follow-up in 2012. Patients were classified as negative TgAb or positive TgAb groups on the basis of their serum TgAb levels (< 70 IU/mL or ! 70 IU/mL). Results: Among the 1206 patients, after mean follow-up for 11.6 AE 6.1 years (range, 2.0e29.2 years), there were 75 with positive TgAb and 1131 with negative TgAb. Patient categorization depending on the follow-up time (2e5 years after surgery, 5e10 years after surgery, and 10e30 years after surgery) was performed. In comparison to traditional risk factors, such as age, tumor size, and sex, which were important prognostic factors for cancer recurrence and mortality in PTC patients, there was no significant difference in the prognosis between positive TgAb 
Introduction
Serum thyroglobulin (Tg) level is an important marker in the follow-up of differentiated thyroid cancer (DTC) patients after total thyroidectomy, and it serves as an indicator for cancer recurrence.
1,2 However, it was estimated 10e29% DTC patients may have anti-thyroglobulin antibody (TgAb) . 3e5 The presence of TgAb is higher in DTC patients, compared with the general population. 3, 6 TgAb is produced as the result of the presence of thyroid tissue; in addition, the presence of TgAb may influence the measurement of serum Tg levels, 7 making the serum Tg levels unreliable. Therefore, the current guideline suggests that all specimens sent for Tg measurement require adjunctive TgAb testing. 8 Previous studies show that, after total thyroidectomy, serum TgAb gradually declines over years. 5, 9 A markedly rising trend in TgAb concentrations during follow-up or persistently high TgAb levels of DTC patients might indicate cancer recurrence or persistence.
10e12 Otherwise, conflicting data exist concerning the association of serum TgAb levels after surgery and disease activity in DTC patients after long-term follow-up period. 5, 6, 13 The aim of this study is to realize whether the presence of high serum TgAb during follow-up is a prognostic factor in patients with papillary thyroid cancers (PTCs).
Methods

Study participants
During the period 1983e2012, a total of 2118 PTC patients with TgAb data underwent treatment and follow-up in Chang Gung Medical Center in Linkou and Keelung, Taiwan. We recruited patients of tumorenodeemetastasis (TNM) staging with T2 and higher, or N1 or M1 after total or complete thyroidectomy. Tumor stage had been classified according to the International Union against Cancer TNM criteria (6 th edition). 14 The enrolled patients were high risk group (any T3 and T4, or any T with N1 or M1 in TNM staging) based on European consensus for the management of DTC patients. In addition, we also included patients with T2N0M0 as most of them had gone total thyroidectomy in our hospital. Patients with T1N0M0 (tumor size, 2 cm) were excluded from the study because the majority of the patients categorized in T1N0M0 did not undergo total thyroidectomy. Permission was obtained from the Institutional Review Board (IRB) and Ethics Committees of Chang Gung Memorial Hospital for a retrospective review of the medical records of study participants. The IRB waived the requirement for obtaining informed consent. Confidentiality of the research participants was maintained in accordance with the requirements of the IRB of Chang Gung Memorial Hospital. All work was conducted in accordance with the principles of the Declaration of Helsinki.
Follow-up
The patients were treated and followed-up at Chang Gung Medical Center with a minimum postoperative follow-up duration of 2 years. All the patients underwent total or complete thyroidectomy followed by immediate I-131 remnant ablation. We recorded the patients' last serum TgAb levels (on thyroxin therapy) after the mean follow-up of 11.6 AE 6.1 years. The term total thyroidectomy refers to total or near total thyroidectomy with or without central compartment and selective bilateral neck lymph node dissection.
Serum stimulated Tg was measured 1 month postoperatively without thyroxine treatment, and serum Tg, TgAb, and TSH were measured every 3e6 months during thyroxine supplementation. The patients underwent neck ultrasound examination every 6e12 months. Once recurrent lesions were suspected, subsequent larger dose of I-131 were used for treatment. Surgical treatment was performed whenever localized lesions were confirmed. Some patients underwent surgery or I-131 ablation therapy more than once after active thyroid cancer was diagnosed. External beam radiation therapy was used in a few cases of advanced local recurrence or distant bony metastasis.
Assessment
Patients were classified into negative or positive TgAb groups according to serum TgAb levels (< 70 IU/mL or ! 70 IU/mL) at last follow-up data in 2012, and influence of serum TgAb level on prognostic outcome was evaluated. In our institution, TgAb was measured by a competitive radioimmunoassay (Biocode, Liège, Belgium). The analytical sensitivity is 6 IU/mL. The functional sensitivity is measured with a precision of maximum 20% interassay variance and the value is < 15 IU/mL. Interassay precision was mean 90.3 IU/mL: coefficient of variation (CV) 9.3%; 390.0 IU/mL: CV 12.8%; and 985.4 IU/mL: 10.6%. Intra-assay precision was mean 72.6 IU/mL: CV 8.3%; 345.7 IU/mL: CV 7.1%; and 889.9 IU/mL: CV 5.7%. In this study, the manufacturer-recommended cutoff was used in our laboratory. Positivity for TgAb was > 70 IU/mL as suggested according to the instruction for use. Tg was detected by an immunoradiometric kit (CisBio International, CIS Bio International, France, France). The detection limit of the Tg kit is 0.5 ng/mL, and its functional sensitivity has been assessed in our laboratory to be 1.2 ng/mL. The interassay CV was 8.0% at a Tg level of 4.9 ng/mL, 6.9% at a Tg level of 223.2 ng/mL, and 5.1% at a Tg level of 312.9 ng/mL. Normal levels of serum Tg in our laboratory were estimated to be < 25 ng/mL. The Tg level was considered accurate only if the recovery test (performed on all serum samples) was < 80%. Cancer recurrence in this study included recurrence and persistent disease. Recurrence was defined as the reappearance of disease 1 year after total thyroidectomy and was confirmed by neck ultrasound with positive cytology or histopathological findings or extrathyroid I-131 uptake on whole body scanning, fluorine-18 fluorodeoxyglucose positron emission tomography, magnetic resonance imaging, or computed tomography. Persistent disease was defined as the reappearance of disease within 1 year after total thyroidectomy and was confirmed by neck ultrasound with positive cytological or surgical histopathological findings or extrathyroid I-131 uptake on whole body scanning, fluorine-18 fluorodeoxyglucose positron emission tomography, magnetic resonance imaging, or computed tomography.
Statistical analysis
Discrete data are reported as absolute frequency and percentages, and compared using Chi-squared or Fisher's exact 
Results
Study populations
In total, 1206 PTC patients after total thyroidectomy with TgAb data were recruited in the study. There were 927 women and 279 men with a mean age of 42.2 AE 15.3 years. All the patients were followed until the end of 2012 or the date of death. Figure 1 shows the follow-up of the 1206 patients and their clinical outcomes. A total of 75 patients (6.2%) presented with positive TgAb (! 70 IU/mL) and 1131 patients (93.8%) presented with negative TgAb (< 70 IU/mL) at the end of follow-up. There were 235 (19.5%) with cancer recurrence, 75 (6.2%) with cancer mortality after the mean follow-up of 11.6 AE 6.1 years (range, 2e27.2 years). Because the follow-up time for the patients varied, patient categorization was further performed depending on the follow-up time: 2e5 years after surgery, 5e10 years after surgery, and 10e30 years after surgery. Tables 1e3 compare the clinical characteristics between positive and negative TgAb patients based on the different follow-up time. The tumor size, sex, total I-131 treatment dose during follow-up, and TNM staging were not statistically different between positive and negative TgAb patients based on the different follow-up time, but the patients with positive TgAb during the follow-up period 2e5 years after surgery were younger. The rate of cancer recurrence and cancer mortality between positive and negative TgAb patients were not statistically different based on the different follow-up time.
Clinical outcomes
By the multivariate analyses (Tables S1eS3), sex, tumor size at initial diagnosis, and total I-131 treatment dose during follow-up were not related to positive TgAb at the end of follow-up, but being younger patients was associated with positive TgAb during the follow-up period 2e5 years after surgery. 
Multivariate analysis of association between
TgAb, cancer recurrence, and cancer mortality Based on the different follow-up times (2e5 years, 5e10 years, and 10e30 years after surgery), Tables 4e6 summarize the results of multivariate analyses for association of TgAb with cancer recurrence and cancer mortality after adjusting for other clinicopathological
Discussion
In our laboratory, serum Tg was measured using an immunometric assay method that was prone to interference by TgAb, which might cause an underestimation of serum Tg levels. 3e5,7 The manufacturer-recommended cutoff for TgAb was used in this study and the results of the study showed that the presence of positive TgAb during the different follow-up times (2e5 years, 5e10 years, and 10e30 years after surgery) was not related to sex, tumor size, or total I-131 treatment dose.
Previous study by Görges et al 5 reported that 15% of patients had TgAb at 1 year and < 10% at 3 years of follow-up. There was no report of TgAb level after > 10 years follow-up as our finding. Our study found a frequency of 6.2% for positive TgAb with mean follow-up of 11.6 AE 6.1 years (range, 2.0e29.2 years) in PTC patients. Theoretically, TgAb is produced because of the presence of thyroglobulin; Data are presented as means AE standard deviation (median; range) or n (%), unless otherwise indicated. Tg Z thyroglobulin; TNM Z tumorenodeemetastasis.
Prognosis of PTC with positive TgAb 5
+ MODEL therefore, the presence of TgAb may indicate recurrent or persistent disease in DTC patients after total thyroidectomy. 15e17 Progressively elevated serum TgAb levels may specifically serve as a marker of the presence of cancer recurrence in DTC patients with low or undetectable serum Tg levels.
10e12 However, the clinical significance of postoperative serum TgAb levels as a prognostic marker is controversial. 5, 6, 13 After total or complete thyroidectomy, close follow-up and aggressive I-131 therapy for high-risk DTC patients without underestimating falsely low Tg values in TgAb-positive patients are important work. In this long-term study, we found that serum TgAb levels during follow-up were unable to predict cancer recurrence or cancer mortality. Although there were no other outcome studies in PTC patients focusing on serum TgAb levels during long-term follow-up, the finding was comparable to the result of Görges et al 5 that neither the initial TgAb levels nor the presence of circulating TgAb at the 15e18 month evaluation was associated with the progression of the disease in DTC patients. On the contrary, there was an another study in which they found PTC patients with positive serum TgAb titer during the 1 st year after primary treatment were more likely to have persistent or recurrent disease than those who were consistently TgAb-negative. 18 However, there is growing recognition that it is the trend in TgAb concentrations that is more prognostic than the presence or absence of TgAb. Sequential TgAb change after total thyroidectomy, changes of serum TgAb levels before and 1e2 years after thyroidectomy, and serum TgAb levels measured at 6e12 months after remnant ablation are all useful for prediction of clinical outcomes in patients with DTC in several recent reports.
19e21 Table 4 Multivariate regression analysis of the impact of positive or negative serum anti-thyroglobulin antibody (TgAb) levels on cancer recurrence and mortality during the follow-up period 2e5 years after surgery. Both positive and negative TgAb patients in our study received equally close follow-up and received comparable I-131 dose for ablation therapy, and had comparable clinical outcome. In contrast to serum TgAb levels, large tumor size, and older age, which have long been regarded as good prognostic factors for patients with differentiated thyroid cancer, 14,22e24 were closely associated with cancer recurrence and cancer mortality as well in our study.
There were limitations in this study. TgAb assay was not performed in euthyroid and non-DTC patients in the study. There were only 75 TgAb-positive patients, which might be insufficient to detect differences in prognostic outcome between TgAb-positive and TgAb-negative patients. In addition, we have no data regarding the trend of serum TgAb level, which would be more informative than presence or absence of TgAb.
In summary, unlike traditional risk factors, such as age, tumor size, and serum Tg levels, which are important prognostic factors for cancer recurrence and mortality in PTC patients, positive serum TgAb during follow-up was not related to the prognosis of PTC patients.
